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INTRODUCTION
The severe environments associated with aerospace systems preclude the use of

| readily availatle commercial liquid lubricants, therefore candidate lubricants for
i thesa advanced systems must te selected from new or improved fluids fesulting

from research and development programs. A number of questions arise concerning

the selection of candidate lubricants: Where and how are these selections made?

What properties of a matsrial are most pertinent to its selection? How can a

ressarch chemist determinme whether or not a newly synthesized fluid is of interest

to the Air Force as an advanced lubricant? Where should samples be sent and what

quantities are required? The purpose of this paper is to provide some answers

to these questions, and in doing so, to éiscuss current approaches being followed

in the development of liguid lubricants to meet the projected requirements of

advanced systems.

LIQUID LUERICANTS DEVEIOPMENT

Within the Nonmetallic Materials lLaboratory of Materials Central, the Fuels
and Lubricants Branch has the major responsibility for selection and development
of lubricants to meet future needs. It is to this Branch, therefore that samples
of potsntial fluids should be submitted. The type, amount, and stage of develop-
ment of =ach matertal will generally determine what happens to a sample fluid.
For example, if a fluid is availatle in mlti-gallon quantities and physical and
chemical datz and deposition tests indicate it to be a promising candidate for an
advanced gas turbine oil, it may be scheduled for high temperature bearing rig
tests without any other actual testing in this laboratory. Promising high tempsrature
hydraulic fluids may be considered for pump tests, if available in large quantities
(15 gals). Most new materials however, are available in very limited quantities and,

being new, have undergone 1ittle or no evaluation as potential 1iquid lubricants.
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It is this group of materials that are of primary concern in this paper. Ag these
new materials become availatle, they undergo a series of laboratory tests to
provide properiy data which can be used as a basis for matching the fluids with
vartous advanced system requirements. In this "matching" process a number of
challenges mst be met, Foremost among these are the limitations in the number
and the quantity of fluids available as potential Jubricants for advanced systems.

Today, the choice of suitable materials is considerably more restricted than
orior to World War II when petroleum, with its broad spectrum of propsrties,
provided a wide variety of lubricants to meet most requirements. Present and future
environments rule out the use of petroleum in most advanced systems. The major
exception is the use of supar-refinad mineral oils in advanced hydraulic systems.
In effect, the laboratory flask has replaced the oil barrel as the prime source of
materials. ’

Since most of the new fluids are provided by synthetic research, preliminary
samples are usually one pint or less in quantity. Obviously, extensive property
studies cannot be made on these materials, even with scaled-down test procddures.
In this early stage, large scale performance tests requiring gallon quantities of
material are impractical due to the time and expense involved in synthesis. Quite
often, therefore, the immediate direction of further research must te based on a
minimum amount of data.

Although the suitable materials are reduced in number, those few that are
available cover a broad range of chemical types, including inorganic as well as
organic compounds. Workers conducting property studies mist acquire competence
in all of the divergent chemical classes involved in order to effectively evaluate
the merits of each material. Test procedures and apparatus may also require
modification to adapt them to each of the chemical classes of materials, particularly

at the higher temperatures of the futurs.
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The study of these newer materials is centered in the Liquid Lubtricants
Development Group of the Fuels and Iubricants Branch. Through this group, both
in-house and contractual efforts are expended in characterizing base fluids, additives,
and small-scale formulations. The various fluids are categorized on the tasis
of initial property data. In genesral, if a base fluid (or formulation) exhibits
good thermal and oxidative stability as well as fluid range, it may undergo develop-
ment as an advanced gas turbine engine oil. If a fluid has good thermal stability
and btroad fluid range, but lacks the desired oxidative stabllity for use as an
engine oil, it may be considered as a candidate for an advanced hydraulic fluid.
Hydraulic systems exclude oxygen (air) and therefore do not require oils with as
high a level of oxidation stability as an engine. A candidate fluid for high tem-
peraturs lubricating greases must have very low volatility and have long-term
thermal and oxidative stability.

In each of the application categories mentioned above, there are certain
requirements of primary importance which must be met by the candidate fluid. In
a fluid which msets these requirements it is generally necessary to compromise ons
or more of the requirements of secondary importance since none of the present
materlals will mest all requirements in all respects.

In order to discuss in more detail the development process which sample
fluids undergo, the current program for development of advanced gas turbine oils

will serve as an example.

DEVELOPMENT OF ADVANCED GAS TURBINE ENGINE OILS

The prime target in thislprogram 1s the development of an advanced gas turbine
01l capable of operation at bulk oil temp:aratures of at least SOOOF, while having
the necessary fluidityat temperatures as low as 40°F. This oil must also have
the thermal and oxidative stability necessary to prevent formation of delsterious

decomposition products while sxposed to the high bulk oil temperature, hot spots,
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and the oxidizing environment present in gas turbine engines. Finally, the oil
mist be a good lubricant, t.2., it should prevent excessive wear and have the
ability to carry the applied loads encountsred. Of course, many other properties
such as foaming, compatibility, volatility, etc., mist also be considered.
The overall Air Force program for the evolution of a new gas turbine oil is
shown in Figure 1.
FIGURE 1

STEP-WISE EVOLUTION OF A GaS TURBINE OIL

Step:
1 2 3 b 5
Research Property and Simulated Static In-Flight
On New Formilation Componant Engine Tests Engines
Compounis Studies Studies
—— —_— —_—> _—
< —-—- - < —-=-— < ——

This sequence was generally followsd in past development programs and is being
followsd in the current program. The s011d arrows show the progression of the can-
didate oil, and its data from the research laboratory to the operational engine.

The broken arrows represent the backfeed of information.

Step 1 represents the laboratories that are the source of new high tempsrature
liquid compounds. These sourcszs include the in-house laboratories of Materials
Central, laboratories under contract to the Air Forc=, and other industrial research
laboratories. Chemicsl compounds currently under study at these sources include
phospho-nitriles, perfluoroalkyls and aromatics, pyrazines, triazines, aryl esters,

and polyphenyl ethers.

Step 2 in this sequencek is the phase in which the Liquid lubricants Development
Group operates. It is here that the new liquid materials are received for initial

property studies as base or ™neat" fluids. The most promising base stocks are then
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formulated with various combinations of additives to determine the optimum formulation.

Data obtained in Step 2 are not only used to select candiiate formulations for
further evaluation in Step 3, but are also fed back to step 1 for guidance in
further ressarch.

The formulations which enter Step 3 must first be obtained in larger quantitles.
Often, this involves scale-up of low yield synthesis procedures and subsequent
re-evaluation of the larger sample to assure retention of all significant properties.

In Step 3, the candidate lubricant is called on to opsrate in dynamic systems,
in which many properties of the lubricant are being evaluated at the same time.

These simlated components include high temparature bearing rigs, deposition rigs

and gear rigs. The lubricant is subjected to combinations of high temperature
oxidizing environment, high speeds, and high loads. It is in intimate contact

with large areas of various metals. Collectively, these tests give a measure of

the lubricant with regard to (1) its resistance to massive decomposition and formation
of harmful deposits, (2) its anti-wear and load-carrying properties, and (3) its
compatibility with the matsrials which it contacts.

Despite all of these preliminary studies, the suitability of the lubricant
cannot be determined without extensive static engine testing, followed by actual
flight tests. As the candidate lubricant proceeds from the laboratory evaluation
to the engine tests, complexity and costs sky-rocket, therefore it is otvious that
if rapid and efficient progress is to be made, the initial property evaluations
(in step 2) mst produce data that are selective and are closely related to the
actual demands of an advanced engine, A general discussion of these evaluation
procedures follows.

INTTTAL PROPERTY AND FORMUIATION STUDIES All samples of potential lubricating

fluids submitted to the Liquid Iubricants Development CGroup undergo a series of
initial property studies, first as base fluids, followed by formulation with additives.
The prOpérties of primary interest are listed in Figure 2., Generally the laboratory

submitting the sample fluid has already conducted screening tests on the material.
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If these data, and the test methods are provided with the sample, a saving in time

and material may be realized during this initial Froperty study,

FIGURE 2
Oxidation-Corrosion Pour Foint
Thermal Stability Flash Fire
Viscosity-temperature Anti-Wear
Volatility hydrolytic Stability

The prineipel evaluation procedure which candidate fluids undergo is the
oxidation-corrosion_test. A standardized "micron Proc.dure has been developed
which requires only 20 ml of the sample materiasl for each determination, With
five differentmeral specimens immersed in the fluid, a stream of air (20 liters/nr)
is passed through the fluid. This test is conducted at a temperature of 500°F
with 4 test durati.n of 24 hours. The stability of the fluid to decomposition ig
evaluated by measuring the changes in viscosity amd acid number, The formation of
solids in the fiuid is Observed. The loss of fluid from the sample tube is determined.
The metal specimens are weighed and examined to determine the effect of the fluid
on the vurious metals., The oxidation-corrosion test provides some of the elements
of# .engine's environment, i.e., high temperature, oxidation, and varicus metallic
surfaces. Many other‘factérs are not (resent, such as thehigb‘sliding sreeds,
loads, thin films of liquid lubricant, hot spots, and the proper ratios -f lubricant
volume to air flow, OXygen content, and surfuce areas of the engine components.

The "Micro® oxidation-corrosiocn test, therefore has no diraect correlation
with uctual engine rerformance. The test is useful, however, for comparing the
new fluids with other fluids on which some advanced data have been obtained, Cne
of these fluids is S5-phenyl ether (5PLE), which has undergone tests in high temperature

component rigs and engines. It is believed to be the only fluid, available in

7’/}7/ /4 (’/’:’/‘ Ve SN [.? hnd ‘%—é - o



quentity, that nas the necessary nigh temperature properties for a 500°F engine

oil. The major eakness of SPLE is its poor low temperature fluidity. With a pour
point of ﬁ-uOOF. its use would reuquire suxiliary heaters, OT diluti.n with other

fluids to permit engine start-up at low témperatures. Because of its demanstrated
superior nigh temperature yroperties, the laboratory data on SPLE is used as a
refecence for rating new high temperature materials. Table 1 shows oxidation-corrosion
data obtained on the S5FLE {Base Fluid) and several new materials. Thus far, the

only materials comparable with SPLE under these conditions are the cyclic phosyhonitriles.

The preliminary sam; .es of this class of compcunds however have high jour rointe.

To be considered for extensive.testing in the simulated comjonent rigs, a new

fluid must be ccmpairable, OT petter, than S5PLE in most of the laboratory studies
listed in Figure 2, and show a significant improvement in low temperature properties
over 5PLE.

The other fluid being used as a reference is MIL-L-9236 which also has been
evuluated in high temperature c?mponehts and advanced engines. It has a bulk cil
temperature limit of u25°F. Candidate fluids that do not compare pavorably with
SPLE at 500°F are eventually compared with MIL-L-9236 at AZSOF. Those base fluids
that are comparable at u25°F with MIL-L 9236 (Formulation) may be tested at u50°F
and u75°F to determine ujper 1imits and to indicate progress made towerd the 5OOOF
goal.

As a supplement 1O oxidation-corrosion data, an oxidation test is also con-
ducted on new fluids. In this test, the same procedures and apparatus are used
es in oxidation-corrosion. however no metals are present. Table 2 shows both types
of t.8t results on an alkyl pyrazine compared with MIL-L-9236 formulation at
425°F. Included are data on the base fluid as well as the formulation. Generally.,
oxidation data show 1ess degradation of the fluid than do the oxidation-corrosion
data. Recent studies with certain fluids nave shown the reverse to be true. The

presence of the metals seemed to have & peneficial effect, as indicated by significantly

reduced changes in viscosity and acid numbers.
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Thermal stability tests are cunducted to provide a measure of the degradation’
charzcter:stics of the fluid under thermal stress, without the oxidative decomposition
which occurs in the high temperature oxidation-corrosion test. A number of thermal
stability tests for liquids are in use today. As a result, thermal stability
means many things to many _eople. ‘1hese tests range from thermal decomposition
point as obtained by the iscteniscope or by differential thermel analysis, (DIA)
to the bomb or open vessel tests under nitrogen which evaluate the changes in the
fluid after exrosure at varicus temperatures and times.

The isoteniscope and the DTA procedures provide informaticn on the tem. erature
at which decomposiiion is initiated, but do not reveal the effect of long-term
thermal stress on the bulk fluid properties. The other tests, while showing bulk
troperty changes do not indicate the initial decomposition point or the mechanisms
by which the degredati.n proceeds,

At the present time, isoteniscope data are being used by the development group
for inifially comparing the thermal stabilities of candidute fluids. Considerzble
effort, however is underway and being planned for a study of existing methods as
well as new methods to give (1) basic information on modes of thermal degrad-tion
and (2) information on bulk fluid property changes more closely related to the various
applications in which a fluid will ultimately be used.

Traditional fluid properties such as viscosity, pour point, fl-sh and fire
are evaluated by the standard methods., Volatility at temperatures frbm hOOoF to
500°F is determined by ASTM method D 972 for evaporation loss. The test durationm,
however is only 6 1/2 hours.

The anti-wear properties of base fluids and formulations containing antiwear
additives are evaluated by means of the Shell Four Ball Test. Currently, data
are obtained under various combinations of test conditions: Temperatures, lé?oF
vand uOOOF; Loads, 10 kg and 40 kg; speeds, 600 rpm and 1200 rpm; 4-Ball Material:

52100 end M-10.
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The hydrolytic stability f the candidate fluids is determined by meuns of
Federal Test Method Standard 791, Method 3457 T.

After charccterization by most of the above procedures, the most promising
base fluids are formulated with high temperature anti-oxidants and anti-wear
additives. A number of new anti-oxidants developed by Monsanto Research Corporation,
a, pear to be promising in Lolyphenyl ethers, and esters. Based on preliminary
dava, metal chelates, such as Nickel bis (li-phenyl 5 nitrosalicylamine) are of\\
greatest interest. The formulations having the grcatest improvement over the base
fluid {on the basis of oxidation-corrosion) are further studied to dstermine optimum
concentraticn of additives. At this point, the candidate formulations for lafge
scale evaluation are selected.

1ne current status of liguid Jubricants devclopment contractually end in-house
can be summarized as follcws:

Advanced Gas Turbine Oils: Yolyphenyl ether (5PLE) is the only fluid, on which

considerable data aave been obtained,which shows promise &8 a 500°F gas turbine oil. .
Some of the cyclic rhosphonitriles appear to be similar to S5F4E on the basis of
preliminary oxidation-corrosi.n tests. These mate;ials. like the polyrhenyl ethers
must be improved from the standpoint of low temperature fluidity. In adiition to
structural modificavions, blending. studies with estvers are being carried cut on

both classes of material to effect low temperature fluidity.

Hydraulic-Fluids: Super-refined deep dewaxed mineral oils, synthetic hydreccarbons,

and chlorinated silicones sre the .Lost .romising currently available advanced hydrzulic
fluid candidates. Some experimental alkyl pyrazine fluids are also being studied as
high temwgerature hydraulic fluids.

\

Fluids For Lubricating Greases: High phenyl content methyl-phenyl silicones &re the

most promising candidates for use in greases operating at 600 F in bearing perfcrmance

tes.s {Pcpe Spindles).
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FUTURE

The foregoing has presented the current program of initial property evaluation
of new high temperature fluids. Most of the test procedures are extensions of tests
used in the past under less severe conditions. As lubricant requirements advanced
the test procudures were gradually modified to keep pace. This was accomplished
primarily throurh the use of more sevare test conditions rather than radical changes
in concept. These procedures are, at best, rough screening tests when used to
select promising fluids for a SOOOF gas turbine oil. They are primarily concerned
with bulk properties of fluids, and as such do not proQide adequate data under
the increasingly mgre severe environments. In the case of oxidation~corrosion
tests 1t is not only important to know the axtent of degradation of the fluid,
but also the mechanism by which degradation proceeds. Knowledge of how and why
fluids degrade, can be of guidance in rasearch for more stable molecular structures
and in the selection of more effective additives.

Contractual and in-house programs to provide this tvpe of information are
currently in progress. A specifié example is the mechanism study of the oxidative
degradation of polyphenyl ethers being carried out under Contract AF 33(616)-7853.
An in-house program has been initiated in which vapor phase chromatography and
infrared spectroscopy are being stuiisd as means of identifying decomposition
products formed during oxidation-corrosion tests.

These, and other laboratory studies will be continued and expanded in an overall

effort to increase knowledge of basic properties of fluids. However, in the case

of gas turbins oils these laboratory studies in themselves will not predict which
fluids will‘make the best 500°F gas turbine oil. The use of SPUE data at 500°F

as a btench mark will provide some measure of selectivity, but a more direct relation-
ship will to be established between (a) fluid properties as determined on small quan-
tities of material in the laboratory and (b) fluid property requirements as

determined in an engine. This more direct relationship can be promoted by a much
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closer liaison than now exists between the Liquid Lubricants Development Broup
and the other elements shown in Figure 1. For example, in studies on engine oils,
development personnel should examine fluids and hardware from the large scale
component rigs and engine tests, with interpretation of results provided by engine
test personnel. Similarly, hardware and research personnel should feel free to
visit the laboratories at ASD for direct observation and discussion of banch tests.
Ir a11 personnel, from fluids researcher to hardware engineer, have a good
understanding of the functions and objectives of all of the other groups, the way
1s clear for a knowledgeable exhange of information that can lead to laboratory
data that is more meaningful.
In closing, it is hoped that this paver has provided a better undertstanding
of the workteing dons in the Fuels and Lubricants Branch on new research samples

of potential advanced liquid lubricants.
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